better (P < 0.05) than tilapia fed the control diet (1.68 FCR and 0.80 PER). However, 23 the dietary treatments had no significant effect on tilapia somatic indices (P ˃ 0.05).
24
The level of circulatory red blood cells was higher (P < 0.05) in tilapia fed the 25 carbohydrase supplemented diet (1.98 X 10 6 µL -1 ) compare to those fed the control 26 diet. Dietary treatments did not affect the mid-intestinal perimeter ratio, goblet cell 27 abundance and intraepithelial leucocytes abundance. However, the microvilli density 28
Introduction

56
Aquaculture is recognized as the fastest growing agri-business sector and has 57 thus become an important component of global food supply (FAO, 2014) . However 58 the increased production of intensively reared fish species necessitates the supply of 59 high quantity and sustainable feed ingredients in balanced formulated diets for 60 warmwater fish species. Tilapia production volumes rank second only to the carps, 61 contributing significantly to global aquaculture supply (FAO, 2011; Wang and Lu, 62 2015). To support expanding tilapia production, there is a need for sustainable feed 63 production. Plant by-products are of particular relevance within commercial diets for 64 tilapia; oilseed meals (e.g. soybean, copra, rapeseed, etc.), legumes and pulses (e.g. Phytate is an indigestible form of phosphorus that has a low bioavailability for tilapia 74 (NRC, 2011) due to absence of an intestinal phytase. In addition, phytate is capable 75 of binding to positively charged proteins, amino acids and minerals in plants 76 (Suhairin et al., 2010) thus reducing the bioavailability of nutrients. NSPs (typically 77 cellulose, arabinoxylan and mixed-linked β-glucans) are major components of plant 78 cell walls and are indigestible to fish. They may cause increased viscosity in the gut 79 which consequently results in a reduced rate of digestion, nutrient absorption and 80 reduced feed intake (Zijlstra et al., 2010) . Protease-inhibitors, abundant in seed and 81 storage tissues of plants, impairs protein digestibility thereby resulting in adverse 82 physiological effects and reduced growth in fish (Olli et al., 1994) . 83 Supplementing tilapia diets with exogenous enzymes (phytases, NSPases 84 and proteases) offers potential for better utilisation of nutrients from plant ingredients 85 based on findings of enzyme applications in swine and poultry diets (Adeola and 86 Cowieson, 2011). The application of phytase has been successful in breaking down 87 phytate to increase mineral and nutrient digestibility in fish (Cao et al., 2007; Cao et 88 al., 2008; Kiarie et al., 2010; Kiarie et al., 2013) . NSP-degrading enzymes (e.g. Zhou et al., 2013; Jiang et al., 2014 
Results
Growth, feed utilisation and somatic indices 251
Growth, feed utilisation and somatic indices are presented in microvilli revealing no signs of damage (Fig 1i-1l) The bacterial community of tilapia fed the experimental diets were analysed 298 by PCR-DGGE. The DGGE banding patterns of the 16S rRNA V3 region from the 299 fish intestinal digesta is displayed in Figure 2 and the taxonomic affiliation of the DGGE bands is displayed in evident. In terms of the number of OTUs, species richness and diversity, no 319 significant differences were observed among the treatments (Table 7) . However, 320 high variability in the bacterial community structure was observed among individuals 321 in the same group in all the treatments; the control group showed the greatest 322 differences (Figure 3) Results are presented as mean ±SD in each group (n=6). There were no significant differences between the treatments. Carbohydrase.
